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Contrast Agents 

Technfcal P|«|rf »f ^|^^ fn'THtlnn 

such nJ!^H '^^^^ *° Pharmaceuucals containing 

containing such coated cores of the metallte element of tungsten or tZl?,! 
mixture v«lth other metallic elements. ^ 

DescriotionafR^ll^^^ Hfl 

fmm °" achievement of different Signal levels 

The diagnostic quality of Images is. for a given spatial resolution stronolv 

still r^^**"? 'teSnosllcqu.iayfcctorha, to™ been and 

sllll remains an Important goal. In l«Anlmies such as X-iav n»«„ J 

fe^ has been to mtroduce contrast enhancing materials con,^^^^ 
bodyregion being imaged. agents. Into the 
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Thus In x-ray for example early examples of contrast agents were Insoluble 
Inorganic barf urn salts whidi enhanced X-ray attenuation In the body zones Into 
which they distributed. More recently the field of X-ray contrast agents has been 
dominated by soluble Iodine containing compounds such as those marketed by 
Amersham Health AS under the trade names Omnipaque and VIsipaque. 

Work on X-ray contrast agents having heavy metals as the contrast 

l"p'"?! '.'T"' ^ concentrated on amlnopolycarboxylic add 

(APCA Chelates of heavy metal Ions and. recognising that effective Imaging of many 
body srtes requires localization at the body sites In question of relatively high 
concentrations of the metal Ions. There have been suggestions that polychelants. 
ttiat Is substances possessing more than one separate chelant moiety, might be used 
to achieve this. Further work has been concentrated on the use of multlnuclear 
complexes that are complexes wher^m the compfexed moiety Itself comprises two or 
mora oonfrast enhancing atoms, see Yu. S.B. and Watson. A.D. In Chem. Rev. 1999, 
2353-2377. Thus, for X-ray or ultrasound the complexes would comprise two or 
mora heavy metal atoms and for MR! the complex would contain two or mora metal 
atoms with paramagnetic properties. 

Yu. S.B. and Watson. A.D. in Chem. Rev. 1999. 2353^2377 discuss use of 
metal-based X-Ray contrast media. Tungsten powder Is noted for use as an X-ray 
contrast additive in embolic agents used in the treatment and preoperative 
embollsatfon of hypervascular tumors. However, they find it likely that general 
intravascular use of heavy metal complexes is likely to be limited by safety concerns 
and dosage requirements. 

It is well known that nano-oystafime tungsten powder is pyrogenic and ignites 
spontaneously In air. Due to its reactivity the tungsten nanopartides have not found 
use as phannaceuticals such as X-ray contrast agents. 

Metal conjugate compounds of metallic heavy elements of gold, silver 
platinum and palladium ara proposed as well as their use as contrast agents such as 
X-ray contrast agents e.g. in US patent 5.728.590. Further, us patent 6 203 778 
mentions that particles of an inorganic cora of metallic copper, nickel, palladium, gold 
and sliver with an organic coating can be used in an X-ray Imaging method. 

WO 03/07961 reads In particular on metal nanopartlcles for use In enhandng 
X-ray contrast The patent application is focussed on gold particles In the nanometer 
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coated ^ th.0,*^ ^ pCC^ , Jlrr°'''r 

PMium. pawut^ ^ 
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awhange of the ligands In the coating Mih arouaa m ih. «™ aacaus. of 
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annually In the USA. there Is sUil a desire to develop new contrast agents. Such 
agents should ideally have improved properties over the soluble Iodine containing 
compounds In one or more of the following properties: renal toxicity, viscosity, 
injection volumes and attenuation/radiation dose. 

Summai v of the Invontinn 

it has now been found that particles comprising a core of the metallic element 
tungsten optionally mixed vvith other metal elements and where the said core is 
coated with a coating layer such as a polymeric layer or a monomeric layer have 
surprising and favourable properties as pharmaceuticals, and in particular as contrast 
agents. The coating layer wai passivate the reactive sur^ce of the tungsten partide 
cores and provide safe nanopartides with favourable properties. 

It should be noted that the terms particles and nanopartides aro used 
interdiangeable when the partldes are In the nanometer size. In the expression 
pharmaceut- Gate Is also endosed the particles/nanopartldes whldi constitute the 
active prindple of the phamiaceutical. Further embodiments are spedfled in the 
attached daims and win be outlined in the text 

Detalied Description of t he inventiog 

The compounds of the Invention are partldes comprising a core and a coating 
layer. The diameters of the partldes are In the nanometer range and they are hence 
temied nanopartides. Although the partldes can vary in a range from about 1.5 nm 
to over 20 nm. more preferred firom 1 ,5 to 1 5 nm. it is frequently preferred that they 
are excreted by the kidneys. The partide size should therefore preferably be below 
the kidney threshold of about 6 to 7 nm (Kobayashl. H.; Bred^blel. M. W. Molecutar 
imaging 2. 1 (2003)). and preferably the partide size should be from 1.5 nm to 7 nm 
or more preferable from 2 to 6 nm. 

The core of the particle contains tungsten in Its metallic form or tungsten in 
mixture with other suitable metallic elements. Preferably the tungsten content Is 
between 20 and 100 weFght%. more preferred between SO and tOOo/„. and even more 
prefen-ed of 85 to 100 welght% and particularly prefened between 95 and 100 
welghl%. Cores of about 100% tungsten are generally preferred 
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o«n Jr 1 """^"^ '^'^ ^" P'^^^'^e '•'"Proved 

the r!teT ^ r ?• '"'"^'^ monodfepersity. the synthesis and/or 
he ratefor formation of the metal core. Preferab^ 5 to 15 wefght% of rt^enium. 
mum, niobium, tantalum or molybdenum either as a single element or as mixtures 
crf elements are feasible additives, most preferred are rhenium and indium. All these 
elements are misdble with tungsten and small amounts of rhenium and iridium 
improves the low temperature plasticity of the metallic core. 

'^'^'"'P^rt^ntthatthemetalllccorewhichprovidestheattenuatngproper^^ 
to the particles Is of a suffldent size with regard to this property taking into 
consideration the preferred total size of the nanopartcle. The core must hence 
contain as optimal amount as possible of meter atoms to provide the desired 
attenuating properties. When the core consist of about 100 weighty, tungsten metal, 
me core should contain from 16 to 5000 tungsten atoms, preferably between 100 and 
3000 tungsten atoms and more prefened between 200 and 2500 tungsten atoms 
/^sumrng that the tungsten atoms are packed In body centered cubic crystals, one 
Shell of tungsten atoms counting is atoms will have a core diameter of about 0 6 nm 
100 tungsten atoms will have a diameter of 1.5 nm, 1500 tungsten atoms will have a ' 
diameter Of about 4.2 nm whereas a core size of 5 nm will contain about 2500 
tungsten atoms and a coie containing 5000 tungsten atoms will have a diameter of 
about 6.6 nm. 

Since the tungsten containing core Is reactive to a greater or lesser extent, 
the metallic core must be coated In order to passlvatB the reacflve surface The 
properties of the coating should provide a protection to the metallic core such that the 
core does not react e.g. Ignite when exposed to air or react when fomiulafed for in 
VIVO use or react in the in vivo environment Preferably the coating should maintain 
^ propert.es until excreted from the body to which It Is admlnfetered to such degree 
that the tungsten surface of the core does not become reactive. The coating should 
also prov.de nanopartlcles that have a suitable short half-life In vivo If the 
narioparUdes contain targeting moieties, the half-life of the particles could be 
prolonged but it Is necessary that the half-life is acceptable taking the toxicity Into 
consuseration. It is therefore important that the coating is such that the particles have 
a tendency to fom, aggregates, particular^. ,n vivo. At the same time the coating 
must be relatively thin In order to provide sufficiently small particles, preferably 
partdes of a size under the kidney threshold of about 6 to 7 nm. although larger 
partdes are also useful for the purpose. The binding between the metal core and the 
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coatng Should also be sufflclenuy st«>ng to avoid disintegration between tfie metallic 
core ana the coating. 

The water solubflity of the nanopartlcles must be high when the 
pharmaceutical Fs fomiulated for parenteral adrnmistrntlon. e.g. for InJecUon into a 
vein or an artery. 

The viscosity of the formulate pham,aceutlcal should also be low enough 
such that the phamiaceutlcal can be easily administered. The viscosity is an 
important factor for pharmaceuticals for pa.«meral administration For 

ZT'^'T - Of ^ body the Viscosity is of less 

Importance. The volume fraction of the contrast agent lopamldol In an aqueous 
solution at 350 mg lodlne/ml Is 0.26 and the viscosity Is 7.6 mPas at 37oc. Assuming 
that we can use the same volume fraction ^ =0.26 for the nanopartides according to 
the invention, where the viscosity of the solvent « 0.653 1 0- Pas for water at 370C 
the viscosity 7of such solution at 37«C would then be: 



7 = 7oexp[|^/a-.1.43^)]«1.84^Pas 

CoTJTLT^f « ^'"^n^^ted suspension of sphen-cal partlCes" Mooney. M.J. 

Itr; « ; ^"'^ ^^-y '«^^or such a high 

concentration of particles and relies on the assumption that It Is a solution of rigid 
spheres. This viscosity is also low compared to the viscosity of iodinated X-ray 
contrast agents. ^ 

and b avsllable at an acceptable price. . "oiy 

Tte oamoteDfi, Of «« fen™itei«l phannaceutlcal Is an additional Important 
^having ^on the .oxlc«y ofthe p^duC. T*. o^nolallty ot a soluL » 
detennlned tv the numba, of dl,sol«d particle, per unit of the solvent, usually water 
Fo^ulatons of M,h «n»teBy ter^to^^^^^^ 

<^use transport of water across s.m.p«„eaNe n,emb«ne, r.«,|«„a ,„ u«,e.i«d 
phystoloBlca, effects. Th. to^uUrtlons should then^b™ MealV be eeL^^ 
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fsoosmolar. however sJightly hyperosmolar or hypoosmolar foimulatlons are 
acceptable. 



It has been found that spedflc fomB of coatings will fumi the properties 
<.lsous«id euoh as to provide nanopartide. comprising the com and the coating that 
can be «ed as pham«ceuticals. In particular a, oon,n>s. ag«»s h nodical Imaging 
such as X-ray contrast agents. 

In a first embodiment, nanopartldes comprising metal core coated by a 
Charged coating ,s provided. By "charge- is meant chemical entitles v^th negative or 
positive Charged groups. The charged coating contains up to 50 chaw per 
nanopartide. preferably up to 40 charges per nanopartide. even more preferred up to 
25 diarges per nanopartide. Ead, nanopartide should not contain less that 4 
Charges, preferably not less that 8 diarges per partlde. n^e number of diarges will 
depend upon the size of the metallic core and also the size of the coated 
nanopartide. Coatings comprising charged partides will provide particles that repel 
eadi other when in solution, and formation of nanopartide dusters Is thereby 
substantially or partially avoided. Avoiding fomtation of dusters of the coated 
partides enhance the solubility of the partides. Further the viscosity of the partlde 
formulation will be kept In a preferred range. 

On the other hand Ihe ttomiutatlon of chaiged particles will compHse 
neutralshg count* Ions and this wm lead to a rtse in the osmolarlty. However, since 

^^Z^TT^T" ' " «> -Neve 

'"'^'^'^'^^ atoms. ««y woui, ^ ^ ^ 

80 mM w«h respect to the number of free partides. Since each cha-ge brings along 
one counts, ion. this gives a large marglmii fc, accept some d«,ges per partlde 
^nce teoosmotlc preparation, can be *«nulat«l with up to 0.5 M of ftee part,des 
(Induding counter Ions). 

where J!!' ^ fom, at the pH of «« envlrohment 

the compound Is used. Most Impcrtamiy they must be In charged .bm, at 
Physiological pH. In particular at the pH of blood, if the pham»oeutlcal I, meant fbr 

z'^ftTr**"""" " ^'^'^'^ ^ ^ 

voids Of «« body such as the gastrolntesiina. tract, the bladder and the ut«,« ften 
th. coating should have charged fom, at .he sped«o pH of .he target 
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feasible for me puwwe and a wida ZST^^' ^ ^'^ 

Phosphonlum groups. quartemary ammonium or 

there is an electron ftansfar b-«^ .7 ""W" «" tungsten cote where 

««t the thloknes. Of t^^T T ' '""""'^ 

propertias 

«» *ll d,a„nt: ^r^TT^ " ^ >^ 

n"'-.^-cr::rh:r:~rrtr^^' 

andthechargedgr^^Tnr H 

selecl«l fton, Table 2 and mT»7 ' " " "*ina Sroi-pe preferebly 

Prefe^bVaelectad ,1 C 3 ^rrT "^^ ^^^^^ 
orftagn»nt,ft«nTir, 2I' ' '"^ '"^-'■Vc«nprt.a. any number 

^ohlnsn^ybe^Irr ' T^e 
•*«h.MB-oup,oc,aateahl9herde9,eeofhydrophlll*y.B,««^^^ 
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both directions is aiso an option. Linking fragments from Table 2 may be combined to 
phenyl rings or aromatic or non-aromatic heterocyclic groups, n is any positive 
Integer and preferably from 1 to 10 or more preferably from 1 to 4. o is zero or any 
positive integer and preferably from 1 to 10 or more preferably from 1 to 2. p Is any 
positive integer and preferably from 1 to 1 0 or more preferably from 1 to 4. The 
dotted line for the groups A Indicates a bond to the tungsten element, a bond to an H- 
atom, a bond to the L-group. a bond to another A-group or a bond to the M group 
when o is zero. The dotted line for the groups L indicates a bond to the A group, a 
bond to an H-atom. a bond to another L^roup ora bond to the IW-group. The dotted 
line for the groups M indicates a bond to the L group, a bond to an H-atom. a bond to 
another M-group or a bond to the A-group when o Is zero. 
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Table 3. H vdroDhilic groups M; 



.OH 



COOR 



,,CONR2 



NRCONRg 



^.SOgOH 



.SO2NR2 



,..P0(0R)2 ,,,PO(NR2)2 



,-0PO(OR^ 
>SI(OH)2 



.OPO(NR2)2 

:sioH 



The R - groups are Independently any group{s) selected from H and a C,-Ce 
alkyi group optionally substituted by one or more -OH groups and where one or more 
of ttie C-atoms of the C-C, alkyI group may be replaced by an ether group. 

The polymeric material coating comprises a layer of any polymeric material 
suitable for pharmaceutical use containing a minimum number of charged groups per 
nanoparticle and being hydrophlllc. The coating should cover the tungsten surface 
densely enough to passlvate It The polymeric suriace layer can be covalently bound 
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tolhem«alllccot«8uifaceorad«.rt,e<landheldbynon.c(«alemtorees As 

above fer «,e mononH,rtc coaMng, i. is p«fe,«a that the coating byer Is a. 
«.ln as po«,lbl. ,™i at the s.n» time .romos the necessao- passivation of the 
tungMen oo» su*ce. The polymer can be a homopolymer or copolymer and a 
™rtu«^ or eynthe«c polymer. Nume«,t,s po.yme« a» avaiiabte for the purpose end 

^ *^led artsan «lll be able to Choose eutab* polymere known from the state Of an. 
Useful claeees of pdymere contprtMs polyelt»« (e.9 PES and optionally branched) 

pclyacataIs.polyvlnylalchohol, and pobrdertvanveslhemof, polyesters 
polycarbonales, polyamidee Indudlna sliphatlc and aromatic polyamldeJ and 
polypeptides, classes of carbohydrates such as starch and cellulose 
P<My^noac,Vlates and polycya„ometac,y»«e,, pn«ided that the polymers contain a 
nmmm of Charged groups and most prefambie also «, hydrophnie. PoVme« 
mMeofec^icacld monomers arespecmcaliyp,efcr«d. In on^arto obtain a layer ' 

copolymers areata. 
0^ entilie, or block. 

The cha^e hcreases the w«.r.olubiBty and reduces the risk of pa,«de aggresL, 
^.la. .nceasestheosmotanty Of the parades. Thus, «,e number of cher^ 

9™iP..houldb. teptata mWnK.m. In preparations, a ne.„.i monomer 

j^np.o^ep<«rmer^,ha««able™„berof Charges for nanopartic,^ 
«^.h^2.oenm.P„e,ibly.,h.,,«tooou«b.»»reased,v^,ur1he^^ 
"wnomerFfbrms a cross-linked polymer. 

Example. Of sultablo.monom«s to be used to fbm, the polymer, ooaf ng am: 



26/10 2004 12:27 FAX +47 29186019 AMERSHAi HPArnr 

AHbRSEAl HEALTH ^ PATENTSTXRET @018 

+47 23186019 



13 



A, 



o 



Generally, the polymer coated nanopartlcles are prepared by thermally 
decomposing a source of tungsten. e.g. tungsten hexacarbonyl. W(CO)e. in a high- 
boiling, dried and deoxygenated solvent In the presence of one or more of the 
monomers. A thermally Induced polymerization of the monomers takes place, 
covedng the tungsten particles formed from the decomposition, with a polymeric 
coating. When the monomers comprises silylether-protected polar groups {-OH. - 
COOH) the protecting groups are cleaved in aqueous solution to yield the hydrophiiic 
polymer coated partides. 

Dry solvents were used. Hygroscopic solvents (diglyme, triglyme) were 
percolated through alumina and stored over molecular sieves. All solvents were 
deoxygenated by letting a stream of aigon bubble through the solvent for 25^ 
minutes before they were used In the reactions. The preparation and work-up 
procedures described in the specific examples. 



In a second embodiment the core Is coated with a hydrophiiic layer not 
containing charged groups. The coating should preferably be a layer of a monomeric 
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material coating and should comprise a hydrophlllc layer of non^etalHc atoms 
cxMTiprisIng at least a fraction of molecules that are hydrophlllc and preferably each 
molecule Should have at least one hydrophBic group as described above. 

The surface coating may include a targeting moiety such as an antibody 
antibody fragment, peptide, lipid, carbohydrate, nucleic add. a drug or drug fragment 

or ar.y other molecule that IS able to direct the pham^aceutlcaitoaspecific organ or 
structure In the body to be examined. Examples ororgans or structures to be 

tergeted are the endoreticular system of the liver and spleen, constituents of dots In 
the blood stream, constituents of atherosderotic plaque, tumour markere and 
macrophages. 

^ contrast media are fraquently administered parertaiv. ••B. htnwemualy. 
IntraH-teiially or subeutaneously. Contrast ,-adla can also be adminlstarw orally or 
«a an externa, duct. e.g. to the sastrointsstlnal tract, the bladder or the utems 
suitable CBrter. am well lmo»n in the art and »,«l vary depending on e.g. the 

utir^" " 

eT2™ "T'^r"*'"' "'"^"'^ P-'^^aceutlcal. 
e*«»oontr«„ agent to p^duee contrast medb, Vartous aqueous earner, n,ay be 
used au* a. w«er, b.^ „,Ur. eallne, gWne. hyaluronic add and «,e J 

'•'^"«»l»»»to(bn«,latesolu<loneco«alnlngthenancpa,tldesefthe 

tarn •S«>about3,0gtun9ate«h,lw«,randmo..,p,eincallyabo«t2.2fl 
fcmgsten^ml water. This co,«spo,«te to a center* of t»g«en of about w „ a typical 



®020 



steHb T,!r *a """S^^ containing nanop«tlolea must be 

««<teed. th« can be dona by techniques well known Is the state of art The pa,»L 

Prlet Pemjinnon nf ff)^ Rttmrl-i 

mventlon will hertinafler be further Itelrated wim «« non-lln-ltlng 
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Examples 1 to 6 describes production of tungsten cores coated by a 
monomeric layer, whereas examples 6 to 10 describe charged polymeric coating of 
tungsten cores. All temperatures are In "C. 

The monomers A to G used In the examples are; 





Analysis of the polymer coated particles was done mainly by the means of 
NMR {"C. 'H), IR. and X-ray fluorescence spectroscopy (XFS). In one case a TElVl 
micrograph was obtained. 

In general, broadened NMR peaks and lack of resonances in the double 
bond region Implied complete pofymerlsatlon. The "C NMR spectra showed, in 
addition to the resonances from the aliphatic part of the polymer, several closely 
spaced {within 3 ppm) resonances In the carbonyl region. No resonances from 
residual metal carbonyls were detected by NMR. 
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The IR spectra showed strong absorptions from the polymer carbonyl groups 
and, to a varying extent, residual metal caibonyls. 

The tungsten content in the particles was determined by X-ray fluorescence 
spectroscopy. 

Particle degradatfon experiments were performed with UV-VIs spectroscopy 
(300-800 nm) in deoxygenated tris-glydne buffer solutions. 

Electrophoresis experiments, performed in Tris-glycine buffer (pH 7 S) 
Showed the negative charge of particles comprising monomers A and D. 



A Malvern Zetasfeer Instrument, using Diffusion Ught Scattering (DLS) 
used to determine parUde size of one of the preparations. 



was 



K ^ ,TT^ in water was d=tem,lned by dbsoMng the partldee m a Tris^lycina 
■"rffer (0.1 H PH 7.5) and fre«e^^nB the a>lutto„. The ^nty of the reauMno 
powaer was then loushly <letamilned. 




The readion la p«(bmied u.»l.r l„ert eas. A tungaten ompou™, (..g. wo.) 
and a coa«ng «hera »actlve aites a» pro,«,«, by pratecBon flraup. era dl8«,lvad 
In an apro,«, water im^cible onganlc ao^en. and a raducaoo n«» Is 
added. Altar the reaetton is complete, water and otflanlc solvent are added and the 
Phases a™ separated. The ot^anic layer to washed with water and *«po™ted to a 

^e sol,ds are flttered offend the p,«^„ p,oc«,u,e „ 

wpeated once more. The parades am dried in vacuum. 

sniution^wT!!* ' <^'^- " the 

aultsble technique. The final product Is typically obtained by freeze do-infl. 
Elanmle a- 1>, 
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A water-soluble tungsten compound e.g. sodium tungstate and a coating 
molecufe are dissolved jn deox/genated water under an inert atmosphere. The pH Is 
adjusted to a desired value. This solution is then added to a vigorously stirred 
solution of reducing agent In degassed water. After comptete reducOon. the solution 
is reduced in volume, desalinated by dialysis and then freeze dried to give the final 
product 

e^mpie 3: Preparation of tungsten nanopartldes bv mdncH^n 'n inversa mi^| |ft., 

An aqueous solution of a water soluble tungsten compound, e. g. sodium 
tungstate adjusted to a desired pH is Introduced as the aqueous phase into an 
inverse micelle In an organic solvent by the addition of a large fraction of surfactant 
A similar Inverse micelle fomiulatlon of an aqueous reduction agent is also made 
The tungsten contelning liquid is added to the reduction agent Coating molecules 
are added. After equilibration, water Is added to break the emuision. The aqueous 
phase is collected and the organic phase is washed with two more portions of water 
The collected aqueous phases are reduced In volume and desalinated by dialysis 
The aqueous solution is then freeze dried to give the final product 

. Example 4; Preparetipn of tungsten n^^noo^rtiHo. hy ^ ^^ j ^ r^^^nn ^ ^ ♦. ,m ^^p 

A themially labile W(0) complex. e.g. W(CO)6 is decomposed in an inert, high 
boffing solvent, e.g. cydooctene. in the presence of coating molecules where reactive 
sites are protected by protection groups. e.g. hexylacrylate. After completed reacUon 
a polar solvent such as ethanol is added; the black powder Is filtered of and washed. ' 

The protecting groups are removed by e.g. hydrolysis or other suftable 
procedure. The solution Is reduced In volume and desalinated. The aqueous solution 
IS then freeze dried to give the final product 

as ^mple ^pfhe^fs of N.N4)lsf?-hvdroxvethvh..^.t.^ ^.. ^ tunn..^ 
part|creg 

The reaction is carried out under air free conditions. Tungsten hexacarbonyl 
and N.N.bis(2.dlmethyI.tert-butyIsllyloxyethyl)acrylate are dissolved in cydooctene 
and heated to reflux for 12 hours. Most of the solvent is removed in vacuum and the 
black residue Is washed three times with methanol. 
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The protecting groups are removed by hydrolysis In 10% aqueous formic add 
The Hqulds are evaporated, the residue dissolved in water and taken to dryness 
again. The product Is formed as a black powder, wherein the coating layer comprises 
the molecule HzCbC-CO-N (CHj-CHaOHfe. 

Exarppig 6. Preparation of a nnlvmer en«teH ^ .. ^ ster^ nannn^rtiH^ p p^.^.^ 

monomer s B and C 

In a round-bottomed fiask fitted with a magnetic stirrer and a condenser was 
put Tungsten hexacarbonyl W(CO)a (600mg. 1.4 mmol), ethyleneglyool methylether 
acrylate (C) (390 mg. 3.0 mmol). and trimethytellyl protected 2-carboxyethyI acrylate 
(B) (120 mg. 0.55 mmol). The condenser is fitted with a septum and several vacuum / 
angon cycles were applied to dealriate the flask and condenser. Oealriated dlglyme 
(30 ml) and heptane (2 ml) were added through the septum with a syringe. The 
reaction mixture was heated to reflux under an argon atmosphere. After 3 h. the 
reaction mixture, now a black solution with small amounts of black precipitate, was 
cooled to room temperature, poured on dealriated pentane (60 ml) and centrifuged. 
The precipitate was washed with pentane and dried In vacuum. 
Yield: 430 mg daric grey powder. X-ray fluorescence spectroscopy analysis showed 
the tungsten content to be around 60 %. 

comments: The heptane is needed to prevent tungsten hexacarbonyl sublimation 
deposits in the condenser. The trimethyl silyl protection group Is spontaneously 
cleaved in aqueous solutions, yielding the piei^rred cariboxyiate G. 

The paitlcles have a central core of crystalline tungsten covered by a thin 
coating of co-polymerlzed C and B. The partldes are between 4 and 6 nm. 

Example 7 Pmparatlon and analysis of nmyn^ . ^ tunn^^n n^n »p^rrf-|t?rT 
compriai nQ monomefs B and D 

Tungsten hexacarbonyl (440 mg. 1.2 mmol). monomer B (970 mg, 5.0 mmd) 
and monomer D (300mg. 1.1 mmol) was put in a glass flask equipped v^th a 
condenser and a magnetic stirrer. The flask and condenser was subjected to several 
vacuum/ argon cycles leaving an argon atmosphere. Cydooctane (30 ml) was added 
with a syringe through a septum at the top of the condenser. The reaction solution 
was stirred and heated to reflux for 18 h. During the first hours, the solution slowly 
daricened. eventually becoming blad< (as strong cofffee). After completed reaction 
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time, the solution was cooled to room temperature and poured on pentane (60 ml) 
The resulting slurry was centrifuged and the precipitate was washed with pentane * 
and dried in vacuum. 
Yield: 400 mg dark powder 
Analysis 

'HNMR: broadened resonances appeared at (ppm)4.3. 4.1. 3.8. 3.5 2 8 2.7- 
2.2.1.8-1.2.0.8.0.1. . • 

IR: 1939W. 1852w. 1731vs, 1560m. 

XFS: 57 % W 

Solubility in water: > 600 mg / ml. 
. Exarnple S P feoaratlon and analysis of i 



oomprisino mftnftmt»[ -s a ^^ e^ ^ 

Tungsten hexacarbonyl (500 mg. i .4 mmol). monomer A (120 mg. 0,55 mmol) 
and monomer C (390 mg. 3.0 mmol) was added to the glass flask following the 
procedure Ofexample 7. DIglyme (30 ml) and heptane (2 ml) was added through the 
condenser. The reaction solution was stirred and then heated to reflux for 3h Yield- 
41 0 mg dark powder. 

Analysis: 

NMR: broadened resonances appeared at (ppm)4.1. 3.S. 3.2. 2.5-2.2.1 9-1 3 
IR: 1996W, 1894W. 1727Vs, 1540s. 
XFS: 55 % W. 

TEM: a micrograph showing particle cores In the size of 3^ nm was obtained 
Degradation experiment an exponential decrBase In absorption over the whole 
spectrum (300-800 nm). At most, the absorption decrBased 22 % In 4.3 h (at 350 nm) 
Electrophoresis experiment: movement of the particles implied negative charge 



^mple 9 Pr.p.r.t|pp apd nna|v.i. of nnlvm^r f , n r,^>^ n n -n^r nrtlp |r , , 

ComDnsinq monomer F 

Tungsten hexacarbonyl (2.3 g, 6.5 mmol)m and monomer E (7.6 g 32 mmol) 
was added to the glass flask following the procedure ofexample 7. Cycloo'ctane (100 
ml) was added through the condenser. The reaction solution was stirred and then 
heated to reflux for 60h. 
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Anatyeis: 

Size of particles was determinsd by Diffusion Ught Scattering. 99% of the total 
partide vofume belonged to partides having a size between 5.8 - 7.8 nm. 

Example 10 Preparation and an alysis of polymer coated tunosteg nanopartieie^ 
comprising mpnomer A. C and F 

Tungsten hexacarbonyl (1.0 g. 2.8 mmol). triglyma (45 ml) and heptane (3 ml) 
were put in a glass flasic equipped witli a condenser and a nnagnetic stirrer. Tlie flask 
and condenser was subjected to several vacuum/ argon (^des leaving an argon 
atmosphere. The slurry was heated and stirred until dissolution. The solution was 
then heated to 160 'C after which a mixture of monomer C (1.8 g, 14 mmol), 
monomer A (280 mg, 1 .3 mmol) and monomer F (280 mg. 1^ mmol) was added with 
a syringe through a septum. The solution was stirred at 165-170 "C for 3h. After- 
completed reaction time, the solution was cooled to room temperature and poured on 
pentane (50 ml). The resulUng slurry was centrifuged and the predpitate was washed 
with pentane and dried in vacuum. Yield: 800 mg daric powder. 
Analysis 

NIVIR: broadened resonances appeared at (ppm) 4.2. 3.5, 3.3. 2.3, 2.0-1.4. 
IR: 1921W, 1825W. 1727vs, 1534m. 
XFS:47%W. 
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1 . A partide comprising cores of the metallic element tungsten optionally mixed with 
other metallic elements wherein said cores are coated with a coating layer. 

2. A partide as dalmed In dalm 1 of a diameter In the range of 1 .5 to 20 nm. 



3. A partide as dalmed In dalms 1 and 2 of a diameter in the range of 1.5 to 15 

4. A partide as daimed in dalms 1 to 3 of a diameter Irv the range of 1 .5 to 7 nm 

5. A particle as dalmed in dalms 1 to 4 of a diameter In the range of 2 to 6 nm. 

6. A partide as claimed in any of the preceding dalms wherein the core of the 
partide has a tungsten content of 20 to 100 welght% of metallic tungsten. 

7. A partide as claimed in any of the preceding claims wherein the core of the 
partide has a tungsten content of 50 to 100 weighty, of metallic tungsten. 

8. A partide as daimed In any of the preceding claims wherein the core of the 
parUde has a tungsten content of 85 to 100 weight% of metallic tungsten. 

9. A partide as daimed in any of the preceding dalms wheiein the core of the 
particle has a tungsten content of 95 to 100 weight% of metallic tungsten. 

10. A partide as daimed in any of the preceding daims wherein the core of the 
parHdes has a tungsten content of about 1 00 welght% of metallic tungsten. 

1 1 . A partide as daimed in any of the preceding claims wherein the core of the 
particle comprises metallic tungsten and one of the elements rhenium, iridium, 
niobium, tantalum or molybdenum in »ieir metallic form. 



12. A partide as dalmed in any of the preceding claims wherein the coating layer 
comprises a charged coating layer. 
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13. A particle as claimed In any of the preceding claims wherein the charged coating 
layer provides a net positive or negative charge at the pH of the environment 
wtiere the particle Is administered. 



r. A partlde as claimed In any of the preceding claims wherein the charged coating 
layer provides a negative charge at the pH of the environment where the partlde 
is administered. 



5. A partide as claimed In any of the preceding claims wherein the charged coating 
layer provides the net negative charge of addle groups such as carboxyllc acid 
groups, sulphonic add groups, phosphoric add groups arid addle heterocydic 
groups. 

3. A partlde as daimed In daims 1 to 13 wherein the charged coating layer provides 
the net positive charge of basic amino, amidlne. guanldine, quaternary 
ammonium and phosphonlum groups. 

T. A partide as daimed in any of the preceding daims wherein the charged coating 
layer comprises up to 50 charges per partlde. 

J. A parUde as daimed in any of the preceding claims wherein the charged coating 
layer comprises up to 40 charges per partide. 

). A pharmaceutical as claimed In any of the preceding daims wherein the charged 
coating layer comprises up to 25 charges per partlde. 

). A partide as daimed In any of the preceding daims wherein the charged coating 
layer comprises at least 8 charges per partide. 

. A partide as daimed in any of the preceding claims wherein the charged coating 
layer comprises at (east 4 charges per partlde. 

;. A partide as claimed In any of the preceding claims wherein the layer comprises 
a polymeric layer with charged groups. 



L A partlde as daimed in any of the preceding daims wherein the polymeric layer 
comprises a hydrophldc polymer. 



26/10 2004 12:29 FAX +47 23186019 



AMBRSHAA HEALTH 

HI 23186019 



PATENTSTSRET 



121029 



23 



24. A particle as claimed in any of the preceding claims wherein the polymer 
comprises a homopolymer. 

25. A particle as claimed In any of the preceding claims wherein the polymer 
comprises a copolymer. 

26. A particle as claimed In any of the preceding claims wherein the polymer is 
formed from acrylic acid monomere. 

27. A particle as claimed in any of the preceding dalms wherein the polymer is 
fomied from at least one monomer provides a charged group. 

28. A particle as claimed In any of the preceding dalms wherein the polymer is 
formed from at least one neutral monomer. 

29. A particle as claimed in any of the preceding daims wherein the retio between the 
neutral monomer and the charged monomer as below 20:1 . 

30. A partide as daimed in any of the preceding claims wherein the ratio between the 
neutral monomer and the charged monomer is between 10:1 and 10:1.5. 

31- A partide as daimed in any of daims 1 to 1 1 wherein the layer comprises a 
monomeric layer. 

32. A partide as daimed In dalm 31 wherein the monomeric layer comprises a 
hydrophilic monomeric layer. 

33. A partide as daimed In dalm 32 wherein said hydrophllio layer comprises at least 
a fraction of molecules that are hydrophilic 

34. A partide as claimed in any of the claims 31 and 32 wherein said hydrophilic 
layer comprises molecules that ead^ has at least one hydrophUic graup. 

36. A partide as daimed in any of the daims 1 to 11 and 31 and 32 wherein said 
core Is coated with a mono-layer coating. 



26/10 2004 12; 29 FAX +47 231»eoi9 



AUERSHAA HEALTH 

HI 23186019 

24 



PATENTSTVRBT 



36. A partlde as claimed in dalm 35 wherein said monolayer coating comprises 
compounds of fbmiula A„.U-Mp. where A is one or more tungsten coordinating 
groups. L Is one or more iinking groups and M is one or more hydrophilic groups, 
n and p are positive integers and o is zero or a positive Integer. 

37. A particle as claimed in any of claims 31 to 34 wherein the monomeric layer 
comprises a charged coating layer. 

38. A particle of claim 27 wherein the chaiged groups of the monomeric coating layer 
comprises the charged groups of claims 13 to 20. 

39. A pharmaceutical comprising particles of the preceding claims optionally together 
with a pharmaoeuticaily acceptable solvent or exdpient. 

40. A diagnostic agent comprising particle as daimed in daims 1-38 optionally 
together with a solvent or exdpient. 

41. An X-ray contrast agent comprising a partide as daimed in daims 1^8 optionally 
togeflier with a solvent or exdpient 

42. use of partldesof daims Ito 38 as pham,aceutlcals. in vivo contrast agents and 
X-ray contrast agents. 



@030 



43. A method of treatment comprising administration of partldes of daims 1 to 38 to 
human or animal body. 



a 



44. A method of diagnosis comprising administration of particles of daims 1 to 38 to a 
human or animal body, examining the body with a diagnostic device and 
compiling data from the examination. 

45. A method Of imaging, spedflcally X-ray imaging comprising administration of 
partldes of claims 1 to 38 to a human or animal body, imaging the body with an 
•maglhg device, compifing data fi'om the examination and optionally analysing the 
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The present Jnventlon relates to particles comprising cores of tungsten or 
^ngsten « mixture with other metalHc elements as the contrast enhancing material 
Wherein said com are coated, to phamr«oeutlcals containing such particles, and to 

Torj; contrast agents In diagnostic Imaging, 

in particular In X-ray Imaging. 
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